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Effects of Post-coital Administration of Alkaloids from Senna alata 
(Linn. Roxb) Leaves on some Fetal and Maternal Outcomes of Pregnant 
Rats 



Abstract 

Background: The abortifacient claim of Senna alata (S. alata) was scientifically 
validated recently with alkaloids speculated to be the bioactive agent. This specula- 
tion is yet to be substantiated or refuted by scientific evidence. The present study 
was aimed to investigate the pregnancy terminating effects of the alkaloids from S. 
alata leaves. 

Methods: Twenty four Pregnant rats (143.99±1.21 g) allocated randomly to four 
groups: A, B, C and D respectively received, 0.5 ml of distilled water, 250, 500 and 
1000 mg/kg body weight of the S. alata extracted alkaloids orally, once daily from 
day 10 until day 18 post-coitum. The indices of abortifacient were evaluated at the 
end of the exposure period. The results were analyzed by both the analysis of vari- 
ance and Duncan's multiple range test and p<0.05 was considered as statistically sig- 
nificant. 

Results: Thin-layer chromatographic separation produced five spots with R f values 
of 0.28, 0.33, 0.39, 0.47 and 0.55 which gave positive reaction with Meyer's and 
Wagner's reagents, respectively. The number of implantation sites and corpora lutea, 
as well as the concentrations of FSH, LH, progesterone, weight of uterus, uterine/ 
body weight ratio, glucose and cholesterol decreased significantly (p<0.05) whereas 
the resorption index, pre- and post-implantation losses, uterine protein content and 
alkaline phosphatase activity increased significantly. None of the alkaloid treated an- 
imals presented with provoked vaginal opening or bleeding except fetal deaths. The 
alkaloid decreased the maternal weight gain, as well as feed and water intake. 
Conclusion: Overall, the alkaloids from S. alata leaves exhibited anti-implantation, 
anti-gonadotropic, anti-progesteronic, embryonic resorptive, feto-maternal toxic ac- 
tivities but not complete abortifacient. The alkaloids alone may not be the sole 
abortifacient bioactive agent in the leaf extract. 

Keywords: Abortifacient, Alkaloid, Estrogenicity, Fetotoxicity, Leguminosae, Resorption, 
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Introduction 

Since the dawn of history, nature and natural 
sources, such as plants, animals, microbes, 
and minerals have remained a veritable 
source of bioactive compounds with medicinal 
values. Among these sources, plants have been the 
most explored and exploited for their bioactive 



medicinal components. Their constituents that 
have always served as "lead compounds" or tem- 
plates for the rational development of drugs are of 
more specific efficacies and fewer side effects (1). 
One of the botanicals of interest in which the 
abortifacient claims in the folk medicine have 
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been substantiated by scientific evidence (2) but 
with no documentation in the open scientific liter- 
ature on its bioactive abortifacient agent(s) is Sen- 
na alata. 

Senna alata (Linn.) Roxb (Leguminosae), also 
known as Craw-Craw plant or Ringworm plant 
(English), asunwon oyinbo (Yoruba-Western Ni- 
geria), Nelkhi (Igbo-Eastern Nigeria), Filisko or 
Hantsi (Hausa-Northern Nigeria) is an erect tropi- 
cal, annual herb which grows up to 0.15 m high. 
The large, leathery compound leaves are bilateral 
and fold together at night. The fruit is a pod, while 
the seeds are small and square in shape. The plant 
has been claimed to be used in the management of 
several diseased conditions such as hepatitis, der- 
matitis, jaundice, gastroenteritis, eczema, consti- 
pation and diarrhoea (3, 4). Our ethnobotanical 
studies have also revealed that the leaves are used 
to "wash the uterus" (2). 

Previous studies have shown that 5*. alata have 
antifungal, antibacterial and antioxidant activities 
(3, 5-8). Furthermore, Yakubu et al. (2) reported 
that the aqueous leaf extract of the plant contained 
saponins (1.22%), flavonoids (1.06%), cardiac 
glycosides (0.20%), phenolics (0.44%), alkaloids 
(0.52%), cardenolides and dienolides (0.18%). 
Aqueous leaf extract of S. alata has also been sci- 
entifically validated for its acclaimed use as an 
abortifacient (2). However, there is no study in the 
open scientific literature that has reported on the 
exact bioactive abortifacient agent(s) in S. alata 
leaves. Therefore, the present study aimed to vali- 
date the speculation that the alkaloids in aqueous 
extract of S. alata leaves are responsible for its 
abortifacient activity. The focus on alkaloid was a 
follow-up from our previous study that speculated 
on alkaloids to be responsible for the abortifacient 
activity of the crude extract of 5*. alata leaves and 
from several studies that implicated the phyto- 
chemical property of colchicine, quinazoline alka- 
loids, e.g. vasicine and vasicinone in several bo- 
tanicals such as Xylopia aethiopica, Peganum 
harmala epigeal parts, Areca catchu nuts and 
Gloriosa superba roots as abortifacient bioactive 
agents and/or their role in the contraction and re- 
laxation of uterine muscles (9-12). 

Methods 

Plant material and authentication: The plant 
leaves, obtained from herb sellers at Oja Tuntun, 
(New Market) in Ilorin, Nigeria, was authenticat- 
ed at the Herbarium Unit of the Forestry Research 



Institute of Nigeria (FRIN) in Ibadan, Nigeria. A 
voucher specimen (FHI 10845) was deposited at 
the Herbarium of the Institute. 

Chemicals and reagents: Assay kits for both glu- 
cose and cholesterol were products of Randox 
Laboratories, Ltd, United Kingdom, while those 
of progesterone, follicle stimulating and luteiniz- 
ing hormones were products of Inteco UK LTD, 
United Kingdom. Thin Layer Chromatographic (T 
LC) plates and silica gel were products of Merck 
(Darmstadt, Germany). Para-nitrophenyl phos- 
phate and other reagents were products of Sigma- 
Aldrich Inc., St. Louis, USA. 

Animals: Male and female Wistar rats (Rattus 
norvegicus) weighing 178.91±3.07 and 143. 99± 
1.21 g, respectively, were obtained from the Ani- 
mal Holding Unit of the Department of Biochem- 
istry, University of Ilorin, Ilorin, Nigeria. The an- 
imals which were housed individually in plastic 
cages and placed in a well-ventilated room (tem- 
perature: 28-31 °C\ photoperiod: 12 hr natural 
light and 12 hr darkness; humidity: 50-55%) were 
provided with unrestricted access to rat pellets 
(Bendel Feeds and Flour Mills, Ewu, Nigeria) and 
water. The animals were also handled according 
to the guidelines of the European convention for 
the protection of vertebrate animals used for ex- 
perimental and other scientific purposes-ETS 123 

(13) . 

Extraction of alkaloids: The leaves of Senna alata 
which were oven-dried at 40 °C for 48 hr were 
pulverised using a Mikachi Blender (MK-1830, 
China). Alkaloids were extracted from the powder 
according to the procedure described by Manske 

(14) . A known amount (500 g) of the powder was 
extracted in 1.2 L of hexane for 72 hr and filtered 
with Whatman No. 1 filter paper. The hexane ex- 
tract (containing fats, oils, terpenes, waxes) were 
discarded and the resulting residue extracted again 
in 1.2 L of methanol for a week and subsequently 
filtered. The filtrate was evaporated using a rota- 
vapor (R110, Gallenkamp, England, UK) and the 
process was repeated two more times. The three 
filtrates were combined, concentrated to give a 
methanolic, green slime (90 g) which was treated 
with \M HC1 and then basified by adding 5M 
NaOH with continuous stirring until a cloudy pre- 
cipitate appeared. A known volume (500 ml) of 
chloroform and 200 ml of 1 M NaCl were added 
and the process was repeated three more times. 
Equal volumes (150 ml) of \M NaCl and 5M 
NaOH were added to the organic layer in a sepa- 
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rating funnel after which the mixture was evapo- 
rated to yield brownish-black slurry (18 g) of al- 
kaloids that corresponded to a yield of 3.60% that 
was used for subsequent experiments. 

Analysis of the alkaloids: The procedure described 
by Singh and Sahu (15) was adopted for the prep- 
aration of thin layer chromatography (TLC) 
plates. Furthermore, about 10 /// of the test solu- 
tion (extract) was spotted onto the thin layer plate 
using a micropipette after which the plates were 
developed in chloroform: methanol (10:2) in 
which 0.01 g/ml of butylated hydroxyl toluene and 
butylated hydroxyl anisole were added to prevent 
oxidation (which may lead to increase in the num- 
ber of bands with time) (16). The plates were later 
dried at room temperature and exposed to iodine 
vapour. Chromatograms were visualized under 
ultra violet light (UV, 254 nm). The alkaloids 
were confirmed with Meyer's and Wagner's rea- 
gents. The relative values related to the solvent 
front (R f ) of the spots were also computed. 

Analysis of abortifacient activity: The method de- 
scribed by Salhab et al. (17) was adopted. Twen- 
ty-four pregnant rats were allocated in a complete 
randomize design to four groups (A, B, C and D) 
consisting of six animals each. Animals in Group 
A (controls), orally received 0.5 ml of distilled 
water with the aid of an oropharyngeal cannula 
while those in Groups B, C and D orally received 
0.5 ml of the alkaloids corresponding to 250, 500 
and 1000 mg/kg body weight, respectively. The 
doses were as used in the previous study (2). The 
administration was done once daily from day 10 
until day 1 8 of pregnancy (period of organogene- 
sis in Wistar rats) (18). By the 19th day (24 hr 
after their last dose), the animals underwent a 
laparatomy under diethyl ether vapour shortly be- 
fore sacrifice. The following parameters were rec- 
orded/computed: number of live fetuses; number 
of dead fetuses; average weight of live foetuses; 
survival ratio (%) =(number of live fetuses/ num- 
ber of live+dead fetuses) xl00; number of rats 
that aborted; percentage of rats that aborted= 
(number of rats that aborted/number of rats as- 
sessed) xl00; number of rats with vaginal bleed- 
ing; number of implantation sites; number of cor- 
pora lutea; implantation index=(total number of 
implantation sites/number of corpora lutea) xl00; 
pre-implantation loss=(number of corpora lutea- 
number of implantation sites/number of corpora 
lutea) *100; post-implantation loss= (number of 
implantation sites-number of live fetuses/number 



of implantation sites) xl00; number of resorption 
sites=number of implantation sites in the control 
animals-number of implantations in the test ani- 
mals; resorption index=(total number of resorp- 
tion sites/total number of implantation sites) x 100. 
The weights of the animals both before pairing 
and prior to sacrifice, as well as feed and water 
intake were also recorded. 

Determination of estrogenic/anti-estrogenic activi- 
ties: The in vivo estrogenic/anti-estrogenic re- 
sponse of the rats to the alkaloids was evaluated 
by adopting the procedure described by Kanno et 
al. (19). Twenty-four ovariectomized, female rats 
(159.67±7.12 g) were allocated to four groups (A, 
B, C and D) of six animals per group. Group A 
(controls), orally received 0.5 ml of distilled water 
while animals in Groups B, C and D orally re- 
ceived 0.5 ml of the alkaloids corresponding to 
250, 500 and 1000 mg/kg body weight, respective- 
ly. The administration which commenced from 
the eighth day of ovariectomy, lasted for another 
seven days. On day 16, the weights of the animals 
were determined prior to sacrifice and uterine to 
body weight ratio was computed. The uterine pro- 
tein, glucose, cholesterol, and alkaline phospha- 
tase activity were determined using standard pro- 
cedures (20-23). Percentage of animals with vag- 
inal opening and cornification were also comput- 
ed. 

Preparation of serum and uterine homogenates: 
The serum and uterine homogenates were pre- 
pared according to the procedures described by 
Yakubu and Bukoye (24). 

Determination of some reproductive hormones: The 
procedures outlined in the manufacturer's protocol 
were adopted for the quantitative determination of 
progesterone, follicle stimulating and luteinizing 
hormones in the serum of the animals. 

Statistical analysis: Data which were expressed as 
the mean±SD of six independent replicates were 
statistically analyzed using one-way analysis of 
variance and Duncan Multiple Range Test. Data 
were considered statistically significant at p<0.05. 

Results 

The alkaloids yielded 0.30 g which corresponds 
to 1.50% of the starting material of 500 g. The 
five different spots gave Rf values of 0.28, 0.33, 
0.39, 0.47 and 0.55. The spots gave positive reac- 
tion with both Meyer's and Wagner's reagents 
producing a creamy precipitate and reddish-brown 
spots on a grey background (TLC). 
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The alkaloid truncated the development of the 
fetuses as none of them survived in the experi- 
ment groups as against the average number of live 
fetuses of 10.26 in the distilled water-treated con- 
trol animals (Table 1). The average weight of live 
fetuses in the controls was 4.92 g against none in 
all the extract-treated animals. The percentage of 
fetal death in the 250, 500 and 1000 mg/kg body 
weight of the alkaloid- treated animals was 6.03, 
6.00 and 6.50, respectively. There was neither 
episode of abortion nor vaginal bleeding in all the 
alkaloid-treated animals. Both the number of im- 
plantation sites and corpora lutea decreased signif- 
icantly (p<0.05). While the implantation index 
was similarly high in all the alkaloid-treated ani- 
mals, the resorption index, as well as pre- and 
post- implantation losses were many fold higher 
than the controls (Table 1). Although, all the preg- 
nant rats gained weight at the end of the experi- 
mental period (final maternal weight) compared 
with their weight prior to pairing with the males 
(initial maternal weight) (Table 1), the weight 
gained by the alkaloid-treated animals was about 
50% less than the control animals. Furthermore, 
the feed and water intake by the animals treated 
by different doses of the alkaloid decreased signif- 
icantly (p<0.05). 

All different doses of the alkaloids significantly 
(p<0.05) decreased the serum concentrations of 
the follicle stimulating hormone, luteinizing hor- 
mone and progesterone in the pregnant animals 
(Table 2). 

The alkaloids also decreased (p<0.05) the abso- 
lute weight of the uterus, computed uterine to 



body weight ratio, and concentrations of uterine 
glucose and cholesterol (Table 3). These decreas- 
es were, however, not dose-related. In contrast, 
the concentration of uterine protein and the activi- 
ty of alkaline phosphatase increased significantly 
(p<0.05). Furthermore, the alkaloids did not pro- 
voke vaginal opening or cornification in any of 
the animals (Table 3). 

Discussion 

Analysis of the TL chromatogram indicated that 
the mixture consisted of five alkaloids as evi- 
denced by the creamy precipitates and reddish- 
brown spots produced with Meyer's and Wagner's 
reagents, respectively. In the present study, alka- 
loids from 5*. alata leaves significantly affected 
the fetal and maternal parameters of the animals. 
For instance, the death of the fetuses in the alka- 
loid-treated pregnant rats may not only suggest 
inhibition of mitotic division of the fetuses (25), 
since the animals were exposed during the period 
of organogenesis, but may also show its relevance 
to the reduction in the concentrations of gonado- 
tropins and progesterone in the present study. 
These are indications that the alkaloids are feto- 
toxic. The present study differs fro m that previ- 
ously reported by Yakubu et al. (2) on the aqueous 
leaf extract of the plant where only the 500 and 
1000 mg/kg body weight of the extract produced 
fetal death. Furthermore, the absence of abortion 
and vaginal bleeding in the alkaloid-treated ani- 
mals which were hitherto observed with the crude 
extract in our previous study suggest zero aborti- 
facient activity for the alkaloid. Therefore, the 



Table 1. Effect of the alkaloids from Senna alata leaves on some abortifacient parameters of pregnant rats 



Parameters 



Doses (mg/kg body weight) 





Controls 


250 


500 


1000 


Number of implantation sites 


10.26±0.22 a 


6.78±0.43 b 


6.21±0.61 b 


6.28±0.95 b 


Number of corpora lutea 


10.66±0.14 a 


7.62±0.69 b 


7.14±0.83 b 


7.22±1.03 b 


Implantation index (%) 


91.74 


88.98 


86.97 


86.98 


Pre- implantation losses (%) 


3.75 


11.02 


13.02 


13.01 


Post- implantation loss (%) 


0 


100 


100 


100 


Number of resorption sites 


0.00±0.00 a 


3.48±0.08 b 


4.05±0.09 c 


3.98±0.05 b 


Resorption index (%) 


0 


51.33 


65.22 


63.38 


*Weight of animal before pregnancy (g) 


144.00±3.28 a 


144.00±2.19 a 


142.50±3.83 a 


145.46±0.41 a 


*Weight of animal after pregnancy (g) 


185.50±3.83 b 


166.00±3.89 c 


162.00±2.69 c 


167.33±1.03 c 


Maternal weight gain (%) 


28.82 


15.28 


14.08 


15.04 


Feed intake (g/day per rat) 


20.32±0.75 a 


14.50±0.87 b 


15.33±0.47 b 


14.89±0.70 b 


Water intake (ml/day per rat) 


19.83±1.45 a 


16.63±0.75 b 


14.57±1.89 b 


11.99±1.83 c 



Values are expressed as mean±SD of six independent determinations; a-d: Test values carrying 
each parameter in the same row are significantly different (p<0.05). * Maternal weights of the 
with their corresponding weights after pregnancy for each treatment group (p<0.05) 



superscripts different from the control for 
animals before pregnancy were compared 



214 



J Reprod Infertil, Vol 13, No 4, Oct-Dec 2012 



Yakubu MT and Isa FM 




Table 2. Effect of alkaloids from Senna alata leaves on some female reproductive hormones of pregnant Wistar rats 



Parameters 




Doses (mg/kg body weight) 




Controls 


250 


500 


1000 


Serum follicle stimulating hormone (mlU/ml) 


15.00±0.00 a 


10.00±0.00 b 


4.66±0.03 0 


2.50±0.00 d 


Serum luteinizing hormone (mW/ml) 


12.50±0.00 a 


10.00±0.00 b 


9.50±0.54 b 


5.50±0.54 c 


Serum progesterone (ng/ml) 


30.00±0.00 a 


4.50±0.54 b 


5.00±0.00 b 


10.00±0.00 c 



Values are expressed as mean±SD of six independent determinations; a-d: Test values carrying superscripts different from the con- 
trol for each parameter in the same row are significantly different (p<0.05) 



abortifacient activity of the aqueous extract of the 
plant leaf reported earlier (2) is not due to the 
alkaloidal content alone, but to some other phyto- 
chemicals such as saponins and flavonoids which 
may act synergistically or additively to produce 
the desired result. 

It is interesting to note that both the number of 
implantation sites and corpora lutea decreased in 
the alkaloid-treated animals when the process of 
implantation ought to have been completed (im- 
plantation takes place normally within 5-6 days 
post-coitus in rats) before the exposure of the an- 
imals to the alkaloid mixture (treatment com- 
menced from day 10 of pregnancy). The reason 
for this decrease is not immediately known but 
may not be unconnected with the consequence of 
some general hormonal effect (reduced progester- 
one) and/or absence of conceptuses growth (26). It 
is also possible that blastocytes were not activated 
and well-positioned before implantation, probably 
due to impaired muscular activity of the uterus 
(27). This trend of reduction is similar to the pre- 
vious findings of Yakubu et al. (2). 

The implantation index and pre-implantation loss 
evaluates the number of blastocysts implanted in 
the uterus while the resorption index and post- 
implantation loss relate to the number of implant- 
ed blastocysts and those that have not developed 
(18, 28). Therefore, the high implantation index, 
and pre- and post- implantation losses suggest that 



pregnancy was interrupted by the alkaloid, proba- 
bly creating an environment that was not condu- 
cive for the fertilized eggs. 

Normally, an abortion in most cases is accompa- 
nied by vaginal bleeding and when this is absent, 
the resorption will increase. Therefore, the in- 
crease in the resorption index in the alkaloid- 
treated animals confers antifertility effects (such 
as anti-implantation, anti-blastocystic and anti- 
zygotic) of the alkaloid. The alkaloid did not ex- 
hibit complete abortifacient effect since the preg- 
nant animals exposed to the alkaloid presented 
with closed vagina just like the controls. The find- 
ings in the present study is similar to the report by 
Elbetieha et al. (29) where the administration of 
200, 400 and 800 mg/kg body weight of ethanolic 
extract of Salvia fruticosa did not cause pregnancy 
failure but increased the number of resorption in 
the pregnant rats. 

The alkaloids reduced the sense of taste and ap- 
petite of the animals as evidenced by the decrease 
in feed and water intake. Such reduction may ac- 
count for the decrease in the computed percentage 
gain of maternal weight and may also be a conse- 
quence of impaired growth and development of 
the uterine contents (30). All these findings except 
those of feed and water intake, as well as maternal 
weight gain, contrast the previous report by Yaku- 
bu et al. (2). 

It is well-known that for the implantation of the 



Table 3. Effect of alkaloids from Senna alata leaves on some indices of oestrogenicity in pregnant rats 



Parameters 




Doses (mg/kg body weight) 




Controls 


250 


500 


1000 


Weight of uterus (g) 


1.80±0.21 a 


1.33±0.05 b 


1.53±0.05 c 


1.55±0.05 d 


Uterine/body weight ratio (%) 


3.56±0.01 a 


1.44±0.29 b 


0.87±0.05 c 


0.99±0.02 c 


Uterine alkaline phosphatase activity (nM/min/mg protein) 


1.51±0.02 a 


2.10±0.06 b 


2.19±0.14 b 


2.97±0.15 c 


Uterine glucose concentration (mg/100 mg uterus) 


89.13±2.37 a 


65.89±4.02 b 


56.52±0.00 c 


41.30±2.38 d 


Uterine cholesterol concentration (mmol/L) 


6.99±0.41 a 


4.36±0.70 b 


3.19±0.26 c 


2.20±0.00 d 


Uterine protein content (mg/mt) 


275.50±1.64 a 


311.00±13.76 b 


398.50±10.69 c 


370.25±18.74 d 



Values are expressed as mean±SD of six independent determinations; a-d: Test values carrying superscripts different from the control for each parameter 
in the same row are significantly different (p<0.05) 
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fetus and sustenance of pregnancy, an exact equi- 
librium must exist between the secretion of estro- 
gen and progesterone; this regulation is controlled 
by luteinizing and follicle stimulating hormones 
(31). Thus, the reduction in the gonadotropins 
may equally be responsible for the reduced con- 
centration of progesterone in the present study and 
this may not only account for the death of the fe- 
tuses, but also for the increase in the resorption 
sites. The reduction in progesterone may suggest 
impaired endometrium function, which will ad- 
versely affect the normal secretion of special pro- 
teins required to nourish an implanted fertilized 
egg, and consequently, pregnancy failure. Thus, it 
is possible that the alkaloids posses anti-gonado- 
tropic and anti-progestogenic activities which are 
inimical to the continued development of the fe- 
tuses. 

Many plant extracts with anti-fertility properties 
are known to exhibit estrogenic activity by in- 
creasing protein synthesis, uterine weight, water 
uptake and retention of fluid leading to ballooning 
of the uterus, uterine content of glucose, choles- 
terol, glycogen and alkaline phosphatase activity, 
thereby changing the uterine milieu and creating 
non-receptive conditions in the uterus (32). There- 
fore, the contrasting effects the alkaloids on some 
of these parameters in the present study suggest 
that estrogenic activity was not total but selective. 
The alkaloids exhibited more anti-oestrogenic ac- 
tivity (71.43%) than oestrogenic (28.57%). This is 
similar to our previous finding (2). 

Conclusion 

Overall, the alkaloid from 5*. alata leaves at the 
oral doses of 250, 500 and 1000 mg/kg body 
weight on daily basis from days 10 until day 18 
post-coitum exhibited several potential effects on 
the maternal and fetal outcomes of pregnant rats 
(anti-implantation, anti-gonadotropic, anti-proges- 
teronic, selective estrogenic, embryonic resorption 
and fetotoxic activities), but it could not induce 
abortion in the animals. Therefore, the alkaloids 
may not alone be responsible for the abortifacient 
effects of the crude extract of S. alata which had 
been reported earlier. Finally, work is in progress 
on isolating the other phytochemicals (saponins 
and flavonoids) and evaluating their synergistic 
effects in pregnant animals. 

Acknowledgement 

No fund was received from any granting body. 



Conflict of Interest 

Authors declare no conflict of interest 

References 

1. Owolabi MA, Abass MM, Emeka PM, Jaja SI, Nno- 
li M, Dosa BO. Biochemical and histologic changes 
in rats after prolonged administration of the crude 
aqueous extract of the leaves of Vitex grandifolia. 
Pharmacognosy Res. 2010;2(5):273-8. 

2. Yakubu MT, Adeshina AO, Oladiji AT, Akanji MA, 
Oloyede OB, Jimoh GA, et al. Abortifacient poten- 
tial of aqueous extract of Senna alata leaves in rats. J 
Reprod Contracept. 2010;21(3):163-77. 

3. Adedayo O, Anderson WA, Moo- Young M, Sniec- 
kus V, Patil PA, Kolawole DO. Phytochemistry and 
antibacterial activity of Senna alata flower. Pharm 
Biol. 2001;39(6):408-12. 

4. El-Mahmood AM, Doughari JH, Chanji FJ. In vitro 
antibacterial activities of crude extracts of Nauclea 
latifolia and Daniella oliveri. Sci Res Essay. 2008;3 
(3):102-5. 

5. Adedayo O, Anderson WA, Moo-Young M, Kola- 
wole DO. Antifungal properties of some compon- 
ents of Senna alata flower. Pharm Biol. 1999;37(5): 
369-74. 

6. Adedayo O, Anderson WA, Moo-Young M, Snie- 
ckus V, Patil PA, Kolawole, DO. Kinetics of anti- 
bacterial activity and physicochemical damage caus- 
ed by the extracts of Senna alata flowers. Pharm 
Biol. 2002;40(6):461-5. 

7. Wuthi-Udomlert M, Prathanturarug S, Soonthorn- 
chareonnon N. Antifungal activities of Senna alata 
extracts using different methods of extraction. ISHS 
Acta Hortic. 2003;597:205-8. 

8. Okpuzor J, Ogbunugafor H, Kareem GK, Igwo Ezi- 
kpe MN. In vitro investigation of antioxidant phe- 
nolic compounds in extracts of Senna alata. Res J 
Phytochem. 2009;3(4):68-76 

9. Gwotmut M, Nwafor A. Agents of contraction or re- 
laxation of the uterus and alcohol extraction of Xy- 
lopia aethiopica. J Crude Drug Res. 2001;30:62-70. 

10. Mahmoudian M, Jalilpour H, Salehian P. Toxicity 
of Peganum harmala: Review and a case report. 
Iran J Pharmacol Ther. 2002; 1(1): 1-4. 

11. Shrestha J, Shanbhag T, Shenoy S, Amuthan A, 
Prabhu K, Sharma S, et al. Antiovulatory and abor- 
tifacient effects of Areca catechu (betel nut) in fe- 
male rats. Indian J Pharmacol. 2010;42(5):306-1 1. 

12. Malpani AA, Aswar UM, Kushwaha SK, Zambare 
GN, Bodhankar SL. Effect of the aqueous extract 
of Gloriosa superba Linn (Langli) roots on repro- 
ductive system and cardiovascular parameters in 
female rats. Trop J Pharm Res. 201 1;10(2):169-76. 



216 



J Reprod Infertil, Vol 13, No 4, Oct-Dec 2012 



Yakubu MT and Isa FM 



JRI 



13. European Treaty Series. European convention for 
the protection of vertebrate animals used for exper- 
imental and other scientific purposes. Strasbourg: 
European Treaty Series; 1986 Mar. Report No.: 
ETSNo. 123. 

14. Manske RHF, Brossi A. The Alkaloids: Chemistry 
and Physiology. Vol. 8. New York: Academic Press; 
1965. 673 p. 

15. Singh DK, Sahu A. Thin layer chromatography of 
Opium Alkaloids with hybrid CTAB-Alcohol- 
Water mobile phase and estimation of papaverine. 
HC1 and codeine sulphate in pharmaceutical for- 
mulations. J Chin Chem Soc. 2005;52:247-51. 

16. Borde VU, Pangrikar PP, Wadikar MS, Tekale SU. 
Extraction and thin layer chromatography of alka- 
loids from Bael (Aegle marmelos) leaves. J Eco- 
biotechnol. 201 1;3(3): 1-4. 

17. Salhab AS, Al-Tamimi SO, Gharaibeh MN, Sho- 
maf MS. The abortifacient effects of castor bean 
extract and Ricin -A chain in rabbits. Contracep- 
tion. 1998;58(3): 193-7. 

18. Almeida FC, Lemonica IP. The toxic effects of Co- 
leus barbatus B. on the different periods of preg- 
nancy in rats. J Ethnopharmacol. 2000;73(l-2):53- 
60. 

19. Kanno J, Onyon L, Haseman J, Fenner-Crisp P, 
Ashby J, Owens W, et al. The OECD program to 
validate the rat uterotrophic bioassay to screen 
compounds for in vivo estrogenic responses: phase 
1. Environ Health Perspect. 2001;109(8):785-94. 

20. Gornall AG, Bardawill CJ, David MM. Determina- 
tion of serum proteins by means of the biuret reac- 
tion. J Biol Chem. 1949;177(2):751-66. 

21. Trinder P. Determination of glucose in blood using 
glucose oxidase with an alternative oxygen accep- 
tor. Ann Clin Biochem. 1969;6(l):24-7. 

22. Roeschlau P, Bernt E, Gruber WJ. Enzymatic col- 
orimetric endpoint method with CHOD-POD. (CH 
OD: cholesterol oxidase, POD: peroxidase). Clin 
Chem Clin Biochem. 1974;12:226. 



23. Wright PJ, Leathwood PD, Plummer DT. Enzymes 
in rat urine: alkaline phosphatase. Enzymologia. 
1972;42(4):3 17-27. 

24. Yakubu MT, Bukoye BB. Abortifacient potentials 
of the aqueous extract of Bambusa vulgaris leaves 
in pregnant Dutch rabbits. Contraception. 2009;80 
(3):308-13. 

25. Elbetieha A, Oran SA, Alkofahi A, Darmani H, 
Raies AM. Fetotoxic potentials of Globularia ara- 
bica and Globularia alypum (Globulariaceae) in 
rats. J Ethnopharmacol. 2000;72(l-2):215-9. 

26. Spencer TE, Johnson GA, Burghardt RC, Bazer F 
W. Progesterone and placental hormone actions on 
the uterus: insights from domestic animals. Biol 
Reprod. 2004;71(1):2-10. 

27. Chen Q, Zhang Y, Lu J, Wang Q, Wang S, Cao Y, 
et al. Embryo-uterine cross-talk during implanta- 
tion: the role of Wnt signaling. Mol Hum Reprod. 
2009;15(4):215-21. 

28. Chang CV, Felicio AC, Reis JEP, Guerra MO, 
Peters VMF. Fetal toxicity of Solanum lycocarpum 
(Solanaceae) in rats. J Ethnopharmacol. 2002;81 
(2):265-9. 

29. Al-Hamood MH, Elbetieha A, Alkofahi A, Batai- 
neh H. Reproductive toxicity potentials of Salvia 
fruticosa(Labiatae) inrats. J Ethnopharmacol. 1998; 
61(l):67-74. 

30. Uchendu CN, Isek T. Antifertility activity of aque- 
ous ethanolic leaf extract of Spondias mombin 
(Anacardiaceae) in rats. Afr Health Sci. 2008 ;8(3): 
163-7. 

31. Yakubu MT, Olawepo OJ, Fasoranti GA. Ananas 
comosus: is the unripe fruit juice an abortifacient in 
pregnant Wistar rats? Eur J Contracept Reprod 
Healthcare. 201 1;16(5):397-402. 

32. Rifai N, John J, Albers PSB. Lipids, lipoproteins 
and polipoproteins. In: Tietz NW, editor. Funda- 
mentals of clinical chemistry. Philadelphia: WB 
Saunders; 2001. p. 462-93. 



J Reprod Infertil, Vol 13, No 4, Oct-Dec 2012 



217 



